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A common rail system for a fuel injection system of an
internal combustion engine, the common rail system com-
prising: a high pressure pump for receiving fuel from a fuel
tank; at least one fuel mjector for delivering fuel to the
internal combustion engine; a common rail for receiving fuel

from the high pressure pump through a flow path of the
common rail system that connects the high pressure pump to
the common rail, the common rail comprising a fuel reser-
voir 1n tluid communication with a common rail inlet and 1n
fluid communication with the one or more fuel injectors; and
a filter provided 1n the flow path. The filter 1s configured to
filter tuel so as to prevent particulate matter from entering
the common rail. The common rail system comprises only
one filter.
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1
COMMON RAIL SYSTEM

FIELD OF THE INVENTION

This invention relates to a common rail system for sup-
plying fuel to an internal combustion engine. In particular,
but not exclusively, the invention relates to a common rail
tuel system for a compression 1gnition (diesel) fuel 1njection
system.

BACKGROUND

In common rail 1njection systems, fuel for mjection into
the internal combustion engine 1s stored 1n a central high
pressure fuel reservoir known as a common rail. Fuel 1s
supplied to the common rail from a fuel tank by means of a
high pressure pump which 1s supplied with tuel from a low
pressure supply pump (transier pump). The low pressure
supply pump delivers fuel from the fuel tank to the high
pressure pump, and the high pressure pump pressurizes this
tuel and delivers 1t to the common rail via a high pressure
supply line. When required, fuel injectors coupled to the
common rail deliver atomised fuel to the engine.

It 1s known to filter fuel on entry into the ijectors from
the common rail, so as to guard against damage to the
injectors caused by debris generated upstream in the system.
It 1s 1mportant to prevent damage being caused to the
injectors, and other components of the fuel injection system,
to ensure continued high performance and to prolong service
life.

It 1s against this background that the invention has been
devised.

SUMMARY OF THE INVENTION

According to the present mvention, there i1s provided a
common rail system for a fuel injection system of an internal
combustion engine. The common rail system comprises a
high pressure pump for receiving fuel from a fuel tank. The
common rail system comprises at least one fuel injector for
delivering fuel to the internal combustion engine. The com-
mon rail system comprises a common rail for recerving fuel
from the high pressure fuel pump through a flow path of the
common rail system that connects the high pressure pump to
the common rail.

The common rail comprises a fuel reservoir mn fluid
communication with a common rail inlet and 1n fluid com-
munication with the one or more fuel injectors. The common
rail system comprises a filter provided 1n the flow path that
connects the high pressure pump to the common rail, and
configured to filter fuel so as to prevent particulate matter
from entering the common rail. The common rail system
comprises only one filter.

For the avoidance of doubt, the tlow path between the
high pressure pump and the common rail therefore com-
prises the outlet from the high pressure pump and the
common rail inlet.

The filter may be provided at the common rail inlet.
Alternatively, the filter may be provided at an outlet of the
high pressure pump.

Filtering the fuel at the high pressure pump or at the inlet
to the common rail, 1.e. before 1t enters the common rail,
prevents particles or debris above a certain size from reach-
ing the high pressure fuel reservoir. Particulate matter con-
tained 1n the fuel, which may originate 1n the tuel tank, the
high pressure pump, or connecting lines between compo-
nents of the system, can cause blockages, a reduction in
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useful lifetime, and failure of components of the common
rail. The mvention allows for a single filter to protect not
only the components of and associated with the common
rail, but also the fuel injectors.

Including no more than one filter, 1.e. a single filter, 1n the
system provides a cost benefit over standard systems that
require one lilter per fuel injector to be used. The assembly
process 1s also simplified 1t only one filter 1s required, as
opposed to having to fit multiple filters into the system, one
per 1njector.

The filter may comprise a generally cylindrical first
portion having a first diameter and a generally cylindrical
second portion having a second diameter. The second diam-
cter may be smaller than the first diameter. The first portion
may define an inlet tlow path to the filter.

A wall of the second portion may comprise a plurality of
openings to define an outlet tlow path from the filter.

When the filter 1s provided at the mlet to the common rail,
the openings may be sized and dimensioned to dampen
pressure pulsations 1n the system. That 1s, the filter may be
configured to essentially replicate the eflect of a standard
inlet jet orifice, and perform a similar level of damping or
attenuation of pressure pulsations caused by 1njection of fuel
into the common rail. Thus, the function of the inlet orifice
of known systems can be maintained by the filter of the
ivention.

At least one opening may be a generally cylindrical
drilling through the wall of the filter. The at least one
opening may have a diameter in the range of, for example,
50 to 100 microns. At least one opening may be a tapered
drilling through the wall of the filter.

The openings may extend over a length, L, of the second
portion of the filter, wherein the length, L., forms between
50% and 80% of a total length, L., of the second portion of
the filter. As the skilled person will understand, the percent-
age of the total length, L ~, over which the openings extend
may vary depending on, for example, the size of the filter.
The size of the filter may 1n turn depend on the application
in which the filter/common rail system 1s to be used.

A longitudinal axis of each opening may extend 1n a plane
that 1s substantially perpendicular to the direction of fuel
flow through the inlet flow path to the filter.

The cross sectional flow area of each of the openings may
be substantially the same for all openings.

The filter may be provided or positioned 1n a chamber of
the common rail 1nlet, and the first portion of the filter may
engage an inner surface of the chamber such that the filter 1s
retained in the chamber via a push-fit or press-fit. The filter
may form an integral part of the common rail nlet.

Alternatively, the filter may be provided or positioned 1n
a chamber of the high pressure pump outlet, and the first
portion of the filter may engage an inner surface of the
chamber such that the filter 1s retained 1n the chamber via a
push-1it or press-fit. The skilled person will understand that
different tooling and techniques may be required to install
the filter at the outlet of the high pressure pump instead of
at the inlet of the common rail. This 1s, at least 1n part,
because the filter 1s mnserted ito the high pressure pump
outlet 1n a different orientation to that which 1t 1s mserted
into the inlet of the common rail during assembly. The first
portion of the filter 1s received in the outlet of the high
pressure pump belfore the second portion when assembling
the filter 1n the ligh pressure pump outlet. In contrast, the
second portion of the filter 1s recerved in the inlet of the
common rail before the first portion when assembling the
filter in common rail 1nlet. The skilled person would under-
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stand that this difference 1n orientation on 1nsertion into the
inlet/outlet may require the use of different tooling and/or
techniques for assembly.

As an alternative to providing the filter as a separate part

that 1s inserted 1n a push or press-fit during assembly, the
filter may form an integral part of the pump outlet.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be more readily under-
stood, preferred non-limiting embodiments thereof will now
be described, by way of example only, with reference to the
accompanying drawings, i which:

FIG. 1 1s a schematic view of a fuel injection system
comprising a common rail system in accordance with the
invention; and

FI1G. 2 1s a cross sectional view of a filter positioned 1n an
inlet of the common rail system of FIG. 1.

In the drawings, as well as 1n the following description,
like features are assigned like reference signs.

SPECIFIC DESCRIPTION

FIG. 1 shows a fuel injection system 10 for an internal
combustion engine (not shown). The fuel injection system
10 includes a common rail system 12 1n accordance with the
invention, a fuel tank 14 and a fuel supply pump 16. The
common rail system 12 includes a plurality of fuel injectors
18 for delivering fuel to the internal combustion engine.

In use, fuel 1s delivered from the fuel tank 14 to the engine
by the fuel mjection system 10. The fuel supply pump 16,
also known as a lift pump (transfer pump), draws fuel from
the fuel tank 14 where 1t 1s stored at low pressure, and
delivers this fuel to a high pressure pump 20 via a low
pressure supply line 22. The high pressure pump 20 pres-
surises and delivers this fuel via a high pressure supply line
24 to a common rail 26, in which the pressurised fuel is
stored. When required, fuel from the common rail 26 1s
delivered to the engine via the injectors 18 1n a well-known
mannet.

The common rail system 12 includes the common rail 26,
the high pressure pump 20, the fuel mjectors 18, and a single
filter 28 provided 1n a flow path that connects the high
pressure pump 20 to the common rail 26.

The filter 28 1s shown in the schematic of FIG. 1 1n two
ol the possible positions at which 1t may be provided in the
common rail system 12: an inlet 32 of the common rail 26
and an outlet 50 of the high pressure pump 20. It should be
noted that these two locations are alternatives for the place-
ment of the filter 28, as indicated by the use of dashed lines
to denote the filter 28 1n FIG. 1. A common rail system in
accordance with the mvention must only include one filter
28, and therefore could not include filters 28 at each of these
locations.

It should also be noted that the filter 28 1s not limited to
the positions illustrated mn FIG. 1, but could be provided
anywhere 1n the flow path connecting the high pressure
pump 20 to the common rail 26, so long as only one filter 28
1s provided in the common rail system 12. Thus, 1n the
embodiment of the system illustrated in FIG. 1, the filter
could equally be provided at some other position within and
along the high pressure supply line 24.

The common rail 26 comprises a housing 30, the common
rail inlet 32 for recerving fuel from the high pressure pump
20, a fuel reservoir 34 for storing high pressure fuel, and a
plurality of outlets 36 for supplying the injectors 18 with
high pressure fuel from the fuel reservoir 34. The common
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rail system 12 also includes one or more rail pressure sensors
(not shown) for monitoring the pressure in the common rail
26, and a pressure limiting valve 38, or PLV 38, for
controlling pressure 1n the common rail 26. Specifically, the
PLV 38 is configured to release fuel from the fuel reservoir
34 when the rail pressure sensors detect that the pressure 1n
the common raill 26 has reached a certain pre-defined
threshold value. In this way, pressure 1n the common rail 26
1s relieved. As 1llustrated 1n FIG. 1, fuel exiting the common
rail 26 through the PLV 38 is directed back to the fuel tank
14 via a return line 40.

The fuel reservoir 34 comprises a substantially tubular
bore 39 formed 1n the housing 30 of the common rail 26, and
extending substantially along a longitudinal axis, A ., of the
common rail 26. The fuel reservoir 34 1s coupled to the
common rail inlet 32 by means of a reservoir supply passage
42 formed 1n the housing 30 of the common rail 26, and 1s
coupled to each of the outlets 36 by means of separate outlet
supply passages 44 also formed 1n the common rail housing
30. In this way, the inlet 32 and outlets 36 of the common
rail 26 are each in fluild communication with the fuel
reservoir 34. The common rail inlet 32 1s coupled to the high
pressure pump 20 by means of the high pressure supply line
22. Each common rail outlet 36 i1s coupled to a respective
injector 18 by an injector supply line 46.

FIG. 2 shows the filter 28 provided at the nlet 32 of the
common rail 26 1n an embodiment of the invention.

As already explained, in other embodiments the filter 28
may be provided elsewhere in the common rail system 12,
but 1n all embodiments the common rail system 12 com-
prises no more than one filter.

This filter 28 1s provided upstream of the mjectors 18 and
the fuel reservoir 34, specifically in the flow path that
connects the common rail 26 and the high pressure pump 20.

By incorporating the filter 28 1n this way, the invention
advantageously removes the need to include multiple injec-
tion filters 1n the system 12. Instead of including separate
filters 28 for each injector 18, the invention uses a single
filter 28 positioned upstream of the fuel reservoir 34. This
not only prevents debris, or particulate matter, 1n the fuel
from entering and damaging the injectors 18, but has the
turther benefit of preventing this debris from entering and
damaging components of, and associated with, the common
rail 26. In this way, the usetul lifetime of components of the
common rail system 12 1s increased, and the likelithood of
damage and failure 1s reduced. Furthermore, including just
a single filter 28 1n the system 12 provides a cost benefit
when compared to systems incorporating multiple filters 28.

Referring again to FIG. 2, the filter 28 comprises a first
portion 52 and a second portion 34, each of which are
generally cylindrical 1in shape. The first portion 52 has a first
diameter, d,, and the second portion 34 has a second
diameter, d,. The first diameter, d,, 1s the maximum outer
diameter of the first portion 52, where the outer diameter 1s
the diameter defined by an outer surface 56 of the filter 28.
Correspondingly, the second diameter, d,, 1s the maximum
outer diameter of the second portion 34. As 1illustrated 1n
FIG. 2, the second diameter, d,, 1s smaller than the first
diameter, d,.

The first portion 52 defines an inlet flow path 58 to the
filter 28, which recerves fuel supplied to the common rail 26
by the high pressure pump 20. The first portion 52 1s
dimensioned such that an outer surface 60 of the first portion
52 engages with an inner wall 62 of an 1nlet chamber 64 of
the mlet 32. In this way, the filter 28 1s retained 1n the nlet
chamber 64 1n a press-1it or push-fit. It should be noted that,
in other embodiments of the invention, the filter 28 may be
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formed integrally with the inlet 32 rather than being pro-
vided as a separate part. That 1s, 1n some embodiments the
filter 28 may be machined directly 1nto the inlet 32.

The second portion 54 comprises a wall 66 that defines an
outlet flow path from the filter 28, and a closed tip region 70 >
that defines an accumulation portion 72 of the filter 28. In
use, solid debris or particulate matter accumulates 1n the
accumulation portion 72.

The outlet flow path 1s defined by a plurality of openings
74 that are drilled through the wall 66 of the second portion
54 of the filter 28. It should be noted that, for clarity, not all
of these openings are labelled 1n FIG. 2. One or more of the
number, size, shape, dimensions and layout of the openings
74 1s selected so as to provide dampening of any pressure
pulsations that may occur within the fuel in the common rail
26, for example as a result of the injection process. The
configuration and arrangement of these openings 74 1is
chosen to provide a dampening effect that 1s similar to that
provided by 1nlet jet orifices utilised 1n known common rail 2¢
systems. In this way, the filter 28 provides both a filtering
function for the fuel entering the common rail 26, and a
dampening or attenuation function for pressure pulsations
generated 1 the system 12 1n this embodiment of the
invention. As the skilled person would understand, such 25
dampening 1s not required at the outlet 50 of the high
pressure pump 20. Thus, in embodiments in which the filter
28 1s provided at the high pressure pump outlet 50, the
openings 74 are not arranged to provide a dampening
function, but are only configured to provide optimal flow 30
through the filter 28.

In the embodiment shown 1n FIG. 2, the second portion 54
comprises S000 openings 74. However, more ol fewer
openings 74 may be included 1n other embodiments of the
invention. In particular, the second portion may comprise 35
between 200 and 5000 openings.

Each opening 74 may be formed by a generally cylindri-
cal drilling. Typically the diameter of each opening 1is
between 50 um and 100 pm.

In other embodiments, such as that shown 1in FIG. 2, the 40
openings 74 i the wall 66 of the second portion 54 of the
filter 28 are not cylindrical along the full length of the
opening 74, but taper inwardly from an outer surface 76 of
the wall 66 to an inner surface 78 of the wall 66. Such
conical openings 74 improve flow of fuel through the filter 45
28. In this embodiment of FIG. 2, the mimimum diameter of
cach opening 74, 1.¢. the diameter of each opening at the
inner surface 78, 1s 50 um. The maximum diameter of each
opening 74, 1.e. the diameter of each opening 74 at the outer
surtace 76, 1s 100 um. In other embodiments, these mini- 50
mum and maximum diameters may vary in the range
between 30 um to 150 um.

It should be noted that whilst each opening 74 1s 1dentical
in the embodiment illustrated 1n FIG. 2, this 1s not a
requirement of the invention. Some embodiments may 55
incorporate one or more openings 74 having diflerent sizes
and/or shapes than one or more of the other openings 74. For
example, the cross sectional flow area, and how 1t varies
along the length of each opening, 1s typically the same for
all openings, although 1n other embodiments diflerent open- 60
ings may have a different cross sectional flow area.

A longitudinal axis of each opening 74 extends 1n a plane
that 1s substantially perpendicular to the direction of fuel
flow along the inlet flow path 58. In other embodiments, the
angle between the direction of flow along the 1nlet flow path 65
58 and the plane containing the direction of the longitudinal
axis ol each opening may vary from perpendicular.
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The openings 74 extend over a length, L, of the second
portion 54 of the filter 28. The length, L, forms 75% of a

total length, L.~ of the second portion 54 of the filter 28 in
this embodiment. However, 1n other embodiments this
length, L,, may vary between 50% and 80% of the total
length, L.

During operation, pressurized fuel 1s supplied to the
common rail 26 from the high pressure pump 20 via the high
pressure supply line 24 through the flow path which con-
nects the high pressure pump 20 to the common rail 26, and
which includes the high pressure pump outlet 50, the com-
mon rail inlet 32 and the high pressure supply line 24.
Pressurised fuel enters the inlet 32 of the common rail 26,
and enters the filter 28 provided 1n the inlet chamber 64.

In the first portion 32 of the filter 28, the fuel flows along
the mlet tlow path 58. In the second portion 54 of the filter
28, any solid material contained in the fuel accumulates and
settles 1n the tip region 70 due to 1ts weight, and filtered fuel
flows through the openings 74, changing tlow direction to
exit through the openings, and flows out along the outlet
flow path. As described already, the openings 74 are oriented
at approximately 90 degrees to the direction of flow along
the 1nlet flow path 58.

On exiting the filter 28, the filtered fuel continues on
through the inlet chamber 64 in a direction parallel to the
direction of flow along the inlet flow path 58, as indicated by
arrow 80, and 1s delivered to the fuel reservoir 34 by means
of the reservoir supply passage 42. This fuel 1s then stored
in the fuel reservoir 34 from where 1t 1s delivered to the
injectors of the engine.

Incorporating a single filter 28 upstream of the fuel
reservoir 34 1n this way provides a number of advantages to
the system 12.

Filtering the fuel before it enters the common rail 26
prevents particles or debris above a certain size from reach-
ing not only the injectors 18, but also other components of,
and associated with, the common rail 26, such as the PLV 38.
This provides an advantage over standard arrangements 1n
which fuel from the high pressure pump 20 enters the
common rail 26 without filtering, such that the common rail
26 and associated components may be exposed to fuel
carrying debris or particulate matter which may cause dam-
age. In this scenario, debris can cause blockages, a reduction
in useful lifetime, and failure of components of the common
rail 26.

Including just a single filter 28 1n the system 12, rather
than one filter 28 per 1njector 18, also provides a cost benefit.
This reduction 1n cost 1s obtained whilst still protecting the
tuel injectors 18, and whilst additionally protecting compo-
nents of the common rail 26. Furthermore, the filter 28 may
be configured to replicate the effect of existing inlet jet
orifices and perform a similar dampening function of pres-
sure pulsations. Thus, the function of the inlet orifice of
known systems 1s maintained by the filter 28 of the mven-
tion.

It will be appreciated by a person skilled 1n the art that the
invention could be modified to take many alternative forms
to that described herein, without departing from the scope of
the appended claims.

REFERENCES USED

tuel 1njection system 10
common rail system 12
tuel tank 14

tuel supply pump 16
tuel injectors 18
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high pressure pump 20 rail, the common rail comprising a fuel reservoir 1n
low pressure supply line 22 fluid communication with a common rail inlet and 1n
high pressure supply line 24 fluid communication with the one or more fuel injec-
common rail 26 tors; and
filter 28 > a filter provided 1n the tlow path and configured to filter
housing 30 fuel so as to prevent particulate matter from entering

common rail inlet 32

tuel reservoir 34

common rail outlet 36

pressure limiting valve 38 10
tubular bore 39

return line 40

reservolr supply passage 42

outlet supply passages 44

injector supply line 46 15
high pressure pump inlet 48

high pressure pump outlet 50

first portion of filter 52

the common rail, wherein the common rail system
comprises only one filter, wherein the tlow path com-
prises the common rail nlet and an outlet of the high

pressure pump, and wherein the filter 1s provided at and
inserted nto the outlet of the high pressure pump.

2. A common rail system as claimed in claim 1, wherein
the filter comprises a generally cylindrical first portion
having a first diameter and a generally cylindrical second
portion having a second diameter, the second diameter being
smaller than the first diameter, and wherein the first portion
defines an 1nlet flow path to the filter.
second portion of filter 54 3. A common rail system as claimed in claim 2, wherein
outer surface of the filter 56 5, @ wall of the second portion comprises a plurality of open-
inlet flow path 58 ings to define an outlet flow path from the filter.

4. A common rail system as claimed 1n claim 3, wherein
at least one opening 1s a generally cylindrical drilling
through the wall of the filter and has a diameter 1n the range
of 50 um to 100 um.

5. A common rail system as claimed 1n claim 3, wherein
at least one opening 1s a tapered drilling through the wall of
the filter.

6. A common rail system as claimed 1n claim 3, wherein
the openings extend over a length, L, of the second portion
of the filter, wherein the length, L,, forms between 50% and
80% of a total length, L ~ of the second portion of the filter.

7. A common rail system as claimed in claim 3, wherein
a longitudinal axis of each opening extends in a plane that
1s substantially perpendicular to the direction of fuel flow
through the inlet flow path to the filter.

8. A common rail system as claimed 1n claim 3, wherein
the cross sectional tlow area of each of the openings 1s
substantially the same for all openings.

outer surface of first portion 60

inner wall 62

inlet chamber 64

wall of second portion 66 25

tip region 70

accumulation portion 72

openings through wall of second portion 74

outer surface of second portion 76

inner surface of second portion 78 30

direction of fuel flow on exiting filter 80

The invention claimed 1s:

1. A common rail system for an internal combustion

engine, the common rail system comprising:

a high pressure pump for recerving fuel from a fuel tank; 35

at least one fuel injector for delivering fuel to the internal
combustion engine;

a common rail for receiving fuel from the high pressure
pump through a flow path of the common rail system
that connects the high pressure pump to the common S I
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